To determine the prevalence of caregiver-reported asthma in children 4 to 13 years old in metropolitan western New York State, surveys were conducted during 1997-1999 in the Buffalo, Niagara Falls, Iroquois, and Gowanda school systems. Questionnaires (3,889) were sent to the homes of elementary school children in nine schools in western New York. The caregivers were asked to complete a 13-item questionnaire for the child. Of the questionnaires, 60.5% (2,353/3,889) were completed.
INTRODUCTION
Asthma is the most common chronic disease in childhood and is estimated to have an overall prevalence of 4.3% to 6.9% in children in the USJ -4 Prevalence over the past two decades, especially in urban areas, has increased worldwide and in the US. 5 Asthma is notably high among minority populations living in poor urban communities and is often underdiagnosed. 6 An estimated 14.3% of the disease is undiagnosed in African-American schoolchildren, 9 to 11 years of age, living in urban Detroit, Michigan. 6 In the US, asthma prevalence and hospitalization rates parallel socioeconomic status. 7 Asthma deaths, though comparatively rare, are also highest in minorities and women living below the poverty level in inner cities. 8 In 1993, asthma was estimated to account for 198,000 hospital admissions and 342 deaths among persons aged less than 25 years. Among children 5 to 14 years of age, the asthma death rate was 1.7 to 3.2 per 1 million population. Also, in 1993, African-American children were four times more likely than whites to die from asthma, and African-American boys were 1,3 times more likely than girls. It has been shown that hospitalizations and morbidity due to asthma can be prevented by targeting high-risk populations for surveillance, proper diagnosis, and education. ~-~4 Elimination of home environmental triggers has also been shown to lower asthma morbidityJ 4-~6 Information about asthma in children of elementary school age is important for educators and policymakers to consider in planning for the health needs of children.
The purpose of the current study was to determine the prevalence of diagnosed asthma and suspected undiagnosed asthma in children 4 to 13 years old in western New York to aid in establishing a regional school-based program for secondary prevention of asthma.
METHODS
A total of 3,889 questionnaires was distributed between 1997 and 1999 to nine schools in Buffalo and surrounding areas. Initially, three elementary schools, comprised mainly of African-American students, were selected from Buffalo's east side. A feasibility study was performed during the spring term of 1997 on a random sample of 200 children at each of the schools. A subsequent survey including all children (1,300 total) at the three schools was conducted during September 1997. In the fall of 1998, questionnaires (291) were distributed to a fourth school on Buffalo's west side, comprising a mainly Hispanic/Latino population. In spring 1999, questionnaires were distributed to one elementary school in Niagara Falls (922), two schools in Iroquois (625), and two elementary schools in Gowanda (751).
The surveys were adapted from questions published in the Global Initiative on Asthma. 17 Information on demographics, common asthma symptoms, and asthma environmental triggers was surveyed. The questionnaires, in English and Spanish, were distributed by the homeroom teachers at each grade level with instructions for children's caregivers to complete and return them by the following day. Children whose questionnaires were not returned were given reminders for their caregivers. New questionnaires were issued to the children who had lost or misplaced the originals.
To evaluate the validity of the screening instrument, we used a sample of 70 children (4 to 13 years old) in the city of Buffalo identified from parent/guardian response to the screening questionnaire as having diagnosed asthma. Letters were mailed to these children's health care providers requesting confirmation of asthma diagnosis and medication usage. Health care providers were asked to confirm diagnosis and medication use by filling out written asthma care plans for children to be returned to schools. Of 70 letters mailed to health care providers requesting asthma care plans, 63 (90%) asthma care plans were returned. Among those returned, 86% (n = 54) of children whose parents/guardians classified them as diagnosed with asthma had a confirmed diagnosis from their health care provider. Of the 63 children stated to be taking asthma medications currently, 84% (n = 53) had a confirmed diagnosis from their health care provider.
STUDY POPULATION
Western New York contains the two mid-size urban centers of Buffalo and Niagara Falls and several surrounding suburban, semiurban, and rural town-ships. The majority of people in these areas are employed in either Buffalo or Niagara Falls.
The study population consisted of children enrolled in elementary schools located in Buffalo's east and lower west sides, an inner-city area of Niagara Falls, and the semiurban areas of the Gowanda and Iroquois school districts. The study covered census tracts 3901, 3902, and 4001 located on Buffalo's east side and included an early childhood center on Buffalo's lower west side, which is a predominantly Hispanic/Latino community of Puerto Rican descent. Buffalo's east and lower west sides were selected because preliminary data had shown them to have high hospital and emergency department admission rates for asthma. These areas have a high prevalence of (1) poverty (<$14,000 annual household income), (2) adults with less than 12 years of education, (3) a population that is greater than 35% minority, (4) an infant mortality greater than 15 per 100,000 live births, (5) births with low birth weight (<2500 g), (6) births with no or late prenatal care, and (Table I) . Questionnaires were distributed to two elementary schools in this district. 
DATA ANALYSIS
Descriptive statistics were tabulated using Corel Quattro Pro spreadsheet software (www.WordPerfect.com). Tests for significance among variables were calculated using the Statistical Package for Social Sciences (SPSS) for Windows 9.0 (SPSS, Inc., Chicago, IL). A P value of less than .05 was considered significant.
All odds ratios (ORs) and confidence intervals (CIs) were calculated at 95%.
ETHICS
The study was approved by the Institutional Human Investigation Review Committee of the University at Buffalo School of Medicine, Buffalo, New York.
Ds
In this study, diagnosed asthma was defined by a positive response to one or both of the following survey questions: "In the past 12 months, has the child used medicines to treat asthma?" or "Has a health professional or doctor told you that the child has asthma?"
Suspected undiagnosed asthma was defined by a positive response to any of five survey questions that addressed the occurrence of the common symptoms of asthma, such as repeated attacks of wheezing, bothersome coughing at night that wakes the child, colds lasting more than 10 days or chest tightness, cough, or wheezing after exercise; or coughing, wheezing, or chest tightness when exposed to molds, pollens, or hairy pets in the past 12 months.
RESULTS

OVERALL DEMOGRAPHICS
The questionnaire response rate was 60.5% (2,353/3,889). Demographic characteristics of the study group are shown in Table I . Overall, the mean age of the children was 6.54 + 1.72 SD years. The mean age of the children with asthma was 6.52 + 1.72 SD years, which was comparable with 6.56 • 1.72 SD years of the nonasthmatics. No significant difference in ages of the two groups was observed.
Of the children, 46% were male, and 54% were female. Of those with asthma, boys were 53.2%, and the girls were 46.8%. Of the suspected asthmatics, 43%
were male, and 57% were female. Among nonasthmatics, boys made up 51%, and girls comprised 49%.
Overall, the race/ethnicity of the population was 30% African-American, 44%
Caucasian, 8% Hispanic/Latino (primarily Puerto Rican), 6% Native American, of Buffalo schoolchildren and 12% of the Niagara Falls children.
Socioeconomic status has been shown to correlate with asthma prevalence, morbidity, and mortality in the US. Iroquois School District, which serves the Elma and Wales communities, had a median household income twice that of the other communities in the study. 
ASTHMA PREVALENCE
The overall percentage of children with physician-diagnosed asthma was 18%.
The highest prevalence of asthma, 20%, was seen in Buffalo. Niagara Falls had an overall prevalence of 15%, Iroquois 18%, and Gowanda 18%.
ASTHMA PREVALENCE BY GENDER
It is well recognized that asthma hospitalizations are higher among males during early childhood and then switch to be higher among females during early and late adulthood. The diagnosed asthma rates for this study population followed the predicted pattern. Overall, boys had a significantly (P = .001) higher risk (OR = 1.29, CI = 1.13, 1.45) of being asthmatic than did girls. Being male was associated significantly (P = .01 and P = .002, respectively) with asthma in Buffalo and Iroquois schools. No significant association was seen in Niagara Falls or Gowanda.
ASTHMA PREVALENCE BY RACE/ETHNICITY
The prevalence of asthma by race and school is shown in Table II The prevalence of asthma among Native Americans in Gowanda is described in Table III . Native Americans constituted 24% of the children in the Gowanda schools. The prevalence of physician-diagnosed asthma was 23% among Native Americans in Gowanda. Native American girls in the Gowanda area constituted 70% of the diagnosed asthmatics. No significant association between race and asthma status was found in the Gowanda or Iroquois populations. *Suspected undiagnosed asthma is defined as children presenting symptoms of asthma, but never having been diagnosed with or medicated for asthma by a physician.
DIAGNOSED CHILDREN WITH ASTHMA TAKING MEDICATION
Overall, 86% of children with diagnosed asthma were reported to be taking medications for asthma. In Niagara Falls, 100% of children with diagnosed asthma had taken medication for asthma within the past 12 months. Buffalo had a rate of 85%, Iroquois 82%, and Gowanda 78% of children reported taking asthma medication within the past 12 months. was high in all schools. Overall, 22% of the children had suspected undiagnosed asthma. Iroquois had the highest rate of suspected undiagnosed asthma, 33%.
Gowanda had 23%, Niagara Falls 21%, and Buffalo 19%. No significant association between asthma status and school location or grade level was observed.
ASTHMA PREVALENCE AND CLASSRoor~ PLACEMENT
Gowanda schools provided an opportunity for assessing the impact of asthma on classroom placement. These schools have split-grade classrooms. Placement of the children in split-grade classrooms has been made without regard to children's asthma status. Children in one/two and three/four split-grade classes had asthma prevalence rates (38% and 24%, respectively) that were much higher than their peers in non-split-grade classes (9-22%). When compared with peers in nonsplit-grade classes, children in split-grade classrooms had a significantly (P = .007) higher risk of being asthmatic (OR = 1.97, CI = 1.2, 3.22). Data comparison of classroom placement of diagnosed asthmatics was available only for Gowanda schools.
The prevalence of physician-diagnosed asthma among split-grade Native American children was 73% in grade one/two compared to Native American children in first grade at 13% or second grade at 7%. Similarly, the prevalence of asthma among three/four split-grade Native American children was 67% compared to 17% and 12% in non-split third and fourth grades, respectively.
No significant association was observed between asthma and race in regard to classroom placement.
HOUSEHOLD TRIGGERS
As shown in Table IV , examination of data by school location revealed differences in the prevalence of some environmental triggers in the homes of children. There were 50% to 52% who reported a smoker at home in Buffalo, Niagara Falls, and Gowanda (58%). However, only 22% percent of the children from Iroquois reported a smoker at home. Pets were reported in 24% to 32% of homes in Buffalo and Niagara Falls. In contrast, Iroquois had a 71% and Gowanda an 85% rate of reporting pets in homes. Cockroaches were reported in 15% of the homes from
Buffalo, but were reported rarely in the other communities. In contrast, rats/ mice in the home were reported in 10% of homes in Buffalo, but reported in 30% of homes in Gowanda. These observations are consistent with the observations made by direct visits to homes in Buffalo. ]~ and nonasthmatic children were comparable. Overall, 47% reported the presence of a smoker in the home. No significant associations were observed among the 46% of homes that had pets, reported cockroaches (7.5%), or had rats/mice (15.6%). The frequency of smokers in the home of asthmatic and nonasthmatic children was comparable, 50% versus 45%, and was not significant. The presence of a humidifier (33.5%) in the home was associated significantly (P < .001) with increased risk (OR --1.84, CI = 1.63, 2.09) of asthma. The presence of a humidifier was also associated significantly (P < .001) with increased risk (OR = 1.65, CI = 1.45, 1.87) of suspected undiagnosed asthma when compared with nonasthmatics.
The presence of rats/mice in the home was also related significantly (P < .001)
to increased odds (OR = 1.58, CI = 1.27, 1.97) of suspected undiagnosed asthma.
Pets, roaches, and smoking were not associated significantly with suspected undiagnosed asthma.
POTE:NTIAL ASTHMA TRIGGERS AMONG NATIV ~" AMERICAN I~LEMENTARY SCHOOL CHILDREN
Since Native Americans were over-represented among children in Gowanda with diagnosed asthma, we evaluated patterns of potential home triggers of asthma among Native American children and their Caucasian peers. Reported presence of a smoker in the home was comparable between Native American and Caucasian children and was not significant. Regardless of asthmatic status, pets were significantly (P = .001) more prevalent among Caucasian homes compared to Native
American homes in Gowanda. The reported presence of mice/rats in the home was significantly (P < .05) higher in Native American homes (37.5%) compared to Caucasian homes (15%) among asthmatics. Nonasthmatic Caucasians were more likely (P = .034) to have a humidifier than nonasthmatic Native Americans.
No significant association between the presence of a humidifier and asthma among Caucasians was observed. Cockroaches were reported rarely in either Native American or Caucasian homes in the Gowanda School District, and no significant association was seen.
DISCUSSION
This paper reports a high prevalence of caregiver-reported asthma in a crosssectional survey of 2,353 children 4 to 13 years old in western New York State.
We found a high prevalence (18%) of asthma diagnosed by health care providers in children 4 to 13 years old. Asthma prevalence was particularly high among Native American children and was significant in the children placed in split- In Gowanda, we examined asthma among a Native American population.
Very little research has been published on the rates of asthma within Native American populations. It is believed generally that the asthma rates are low among Native Americans, and prevalence has been estimated at 7-12%. = Our study found a high prevalence rate of 23%, but no significant association among Native Americans. The high prevalence may be due to the small number of Native American respondents, and further study with a larger sample size would be needed to evaluate the suggestions of our results. Furthermore, contrary to national figures, which show asthma prevalence is higher in boys than girls before the age of 15, our results show that among Native Americans in this population, the rate is much higher in girls (71%). This high rate among girls may be due to previously unexamined lifestyle or cultural differences among Native American populations. One study reported a high rate of respiratory problems in Native American homes that used wood-burning stoves for cooking. 23
Our survey did not inquire about the use of nongas or nonelectric cooking mechanisms. We examined differences in potential triggers within Native American homes versus other homes within the Gowanda region, but found no significant association with asthma status. Caucasians in Gowanda, compared to Native
Americans, generally had a higher percentage of pets (72% versus 43%) and SCHOOL CHILDREN 757
humidifiers (33-43% versus <1-29%) in the homes regardless of asthma status.
The presence of rats or mice in the home was reported much more highly by Native Americans than by Caucasians ( Our program has required, as school policy, physicians to provide written asthma action plans for each identified asthmatic student needing regular medication.
Teachers and staff are trained in using these plans and in the basics of asthma control and prevention. In a pilot study, this program has resulted in a reduction of asthma exacerbations occurring in school for asthmatic children.
The current study is taken from a convenient sample of schools in the western New York area that identified asthma as a problem among their students. Response rate for a return of questionnaires overall was 60.5%. The low response rate and the high prevalence of asthma in the study sample may be due to selfselection bias of the participants. However, in a telephone follow-up of (129/ 625) parents/guardians from the Buffalo public schools who had not returned the questionnaire, we found a 17% (22/129) prevalence of diagnosed asthma.
This number is similar to the 19% prevalence rate found among those returning the questionnaires.
This study is limited by the lack of information on nonrespondents, and no demographic information was collected on those who did not return the questionnaire or could not be reached by telephone for the attempt at followup. This study did not evaluate the severity of asthma by direct interview or evaluate the clinical significance of potential triggers of asthma by allergy skin testing. Due to differences in socioeconomic status and comparability of the four populations surveyed, analysis was limited for some inquiries.
Despite these limitations, however, the study provides a useful tool for comparisons of asthma prevalence rates and triggers among different communities.
The study further has provided some insights into factors that form a basis for testable hypotheses for future studies.
We conclude that asthma is a major health problem in this group of 4 to 13 year olds. Furthermore, since over 40% of children in this group are either diagnosed or suspected as having asthma, it is essential that school staff become knowledgeable about asthma so that they may help educate children to comply with preventive measures. Further research is needed to examine factors that contribute to variations in diagnosis and treatment of asthma.
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